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SECTION 11.-GENERAL METEOROLOGY. 
I 

XETEOROLOGICAL OBSERVATIONS IN CONNECTION 
WITH BOTANICAL GEOGRAPHY, AGRICULTURE, AND 
FORESTRY. 

[Read beiore the Botanlral Society of Washington, April 7,1914.1 
By R.APHAEL ZON, Chief of Forest, Inveetigntions. 

[Dated, U. 8. Forest Servlee, Washington, May 10,1914.1 

The title of this pa.per is really niore ambitious tha.n its 
contents. It is far beyond onc ordinary man's powcr t.0 
prepare a coniprehelislve lan for meteorological obser- 

turists, and forest,ers, rspeci:illy if t,liis man hn.ppens t.0 
be only a forester. I hope, however, t,lint these suggfs- 
tions, meager as they are, may at  least result in a d~s-  
cussion of this iniportnnt, subject.. 

I wish t,o make it entirely clear that! I hare no intention 
whatever to criticize the records ~1s now collec.t.ed by our 
own or any other Went.her Bureau. First, present' 
methods of gathering and publishing weather data are a 
result of international agreement and can not bq readily 
changed to suit the needs of any one part,icular interest. 
Second, I am not certain that it, is within the function of 
any weather bureau t.0 work up t,he niet.eorologica1 data 
in the manlier in which they are needed by botnnist,s, 

vations that would meet t,ie Y needs of bot,anist.s. agricul- 

its primary duty is t.0 secure 
can be computed in any form needed 

life. Thrd, plant ecologists have 
formulated any constructive plan 

for working up meteorological data that would be acccpt- 
able to botanists in general. If the present meteorological 
data a.re not esactly in the shape in which they can be 
most effectively used for int,crpretation of plant life, it is 
therefore not so much the fault of the iiieteorologists as 
the fault of the botanist8 t.lieniselves. 

Some criticize the weather records because t.hey do not 
show the thermal units of heat and t*lie act,ual amount,s of 
humidity that plants ut.ilize in their life processes; others, 
because they do not include measurements of a number of 
physical factors which affect hiit life; while still others 

stations to be inadequate for a proper interpretation of 
the distribution of vegetation over the country; and so on. 
But these quest.ions refer to biology, not to climate. 
There is no doubt but that met,corological observations 
general1 interpret climate from n pure? meteorological 

side. The fault, however, in m opinion, lies not so much 

recorded a.s in the mnnner of t.heir clnssifi:aat,ion, t.heir 
$o.upin%and computing.. Any broad plan for meteoro- 
oscal o servations covering a large cquntry, qven when 

viewed from an entirely biological point of view, must. 
necessady confine itself to observat.ions of such clinintic 
factors aa affect only the fundanient.al processes of the 
growth of ve etation in general, without atteni ting t.0 

m the development of a plant. %he latter must always 
be a subject of special investigation. 

consider the distribution an cp location of many weather 

point o 7 view and ignore almost entire y the biologicn.1 

i n  the kind and character of o il: servutions that are being 

provide data B or the understandin of some speci -2 c phases 

Some of the criticisms directed against the present 
weather records on the ground that they do not show the 
esact aniount.s of heat or moisture ut.ilized by plants do 
not, seem bo me well founded. For instance, it is true 
t;hrtt plant8 do not ninke use of t.lie aniount of available 
heat. Even wit,li an csuct knowledge, however, of the 
absolute quant,ities of heat and moisture which plants 
receive in a given locality, still we would not know their 
abso1ut.e climatic requirements. Most of the introduced 
plnnts t,end to retain in their new honie their inherited 
phenol0 'cal habits. It is well known t.hat the oak and 

Zone, norm:ally shed t.lwir foliage in October and d v e m -  
ber, 0x1 bcing t.rnnsplanted bo t.he island of Ma<le!ra 
cont,inue t.o shed their foliage in t,liese two months in spite 
of a climat.c favoring t,lieir gowt,h during the fdl. An- 
other striking exaniple is found in our Rocky Mountain 
mid Pttcific const Douglas fir. Douglps fir from t.he Pacific 
const, when grown in a coiit,inental climate does not with- 
st.iind frosts,, while the Rocky Mountain form of Douglas 
fir does so no mntt.er where it is pla.nt.ed. For this rea.son 
e w n  most, accurate measurements of heat and moisture 
would not. he of tiny niaterial help to us in determining 
t,lie c1imnt.i~ rccluireme1it.s of plant,s, because we do not yet 
I~now to what est,ent a given species or vnriet 

funct.ions. 
1l;ith our l~resent knowledge of the re uirements of the 

f t w  1ie:at :mtl moisture me cn.n only aim to compare the 
cliiiinte of n given loctility with the climate of other locali- 
t.iw hi which the mine h i t s  are growing thriftily. For 

tlritn of absolute acrurncy,.but rather data that will per- 
mit of t i n  nccurnte c?mpnrison between. the climatic. fea- 
tures t,hat are essential to plant life in diflerent localities. 
The combination of mrcly meteorolog.ica1 nnd biological 

:,l>serva.t,ioi?s for p~rposee of botany seem-to me absolutely 
esssi! t.i:i.l. With our ,resent niateorologmal observations 

stations, but with n different 
method of grouping them, it is possible to secure results 
which wiliilcl be of d u e  to students of plant life. I shdl  
at.t.empt to indicate here the manner in which the original 
metcc-wologicnl observntioils should be classified a.nd com- 
I:ut.eil in order to mnke them of value to biologists, and 
shall cover briefly temperature of the air, precipitation 
both in the form of rain arid snow, rol.ative humidity of 
t,lie air, wind inorement, and barometric pressure. 

Temperature of ihe air. 

Mean mnnual temprmkr.re.-It is common to charac- 
terize A given locality by its mean annunl temperature. 
This temperature is, of course, iniport.ant for the general 
cliiiiiitic orien bition, but has no direct bearing upon plant 
life. 

Ncnn seasowl ternpemtu.re.-Another common wax of 
grouping the temperature data is by the four astronormcal 

t.he beec T i which, in their original honie in the Tern erate 

will utilize the available heat ttnd moisture 9 or Of its life 

via rious species, vnrieties, niid biologicn P races of plants 

this re:i.son whnt we neet 7 at iresent are not meteorological 

vimvpoiu t.s in chssi 4 ying and comput.iiig meteorological 

sccurerl :it, the weatier 1 
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seasons, spring, summer, autumn, and winter. This 
method by seasons is void of any significance for the 
proper understanding of plant Me. It is, of course, 
ridiculous, for instance, to consider March as a spring 
month in the State of Maine when the entire vegetation is 
still in its period of rest, the ground covered with a deep 
layer of snow, nnd the temperature below freezing. 

Periods of growth and rest. 

Properly to understand plant life it is essential to group 
temperature d a.ta by periods of growth and rest. 
each of these two eriods lants react to temperature o 

herbaceous vegetatioii, which during the period of rest is 
entirely hidden in the roundl trees require different 

. Thus the Siberian fir (Abies sibiricay, which EEiits period of rest withstands with impunity the 
lowest temperatures evcr recorded anywhere on the 
earth’s surface, in the sFring has its teilllinal shoots killed 
at a temperature of 28.5’ F. For this reason Siberian fir 
forms vast forests near the thermal pole, but is killed by 
frost in the Valley of the Rhine. It is evident t.hat mean 
annual temperatures, or mean seasonal temperatures, 
could not throw any light what.ever upon phenomena of 
this c.haracter. At some experiment stnt.ions, here and 
abroad, the grouping of meteorologic.al data by periods 
of growth is in use, but chiefly mth  reference to some 
definite phases of development of several of the important 
a ricultural p1ant.s. Painstaking computations of such 
o % servutions is time consnming; it would be n diffic.ult 
task to attempt to secure them for most plants. Even if 
it were possible to obtain such observations they would 
not provide B common, reliable basis for comparing the 
climatic features essential to plant life in diflerent locali- 
ties. Thus, the observations upon the temperature data 
of any .given 1ocalit.y should be computed not merely by 
the period of rest and gr0mt.h of one or several cultivated 
plants, but by the general periods of rest and growth of 
the native vegetation of t-he locality. In each locality it 
is possible to determine some climatic features which are 
especially characteristic and important for the entire 
natural vegetation of the region. These fundamental 
characteristics of a given local climate are also of impor- 
tance for the cultivated plants within t.he region. 

If we esclude the climate of the Arctic rc ‘on, which, 

and Sierras, and in the Appalachian range in the North- 
east, and excluding also the subtropical region which 
is confined to Florida, southern California, Arizona, 
New Mesico, and areas in close prosimity to the Gulf, 
then we find that most of this country lies within the 
tem erate region of the globe. The temperature records 
of tfis temperate region of the United States not reduced 
to sea level, should be separately computed on the basis 
of the local normal monthly mean for the cold period, or 
period of rest, and the moderate period, or period of 
growth, and in some localities also for a third period, 
the hot eriod. The cold period should include, accord- 
ing to %oppen, all months having a normal mean tem- 
perature cf 48’ F. or less; this embraces the period of more 
or less complete rest of the majority of plants of the 
Temperate Zone. I n  the eriod of owth, or moderate 

monthly temperature of from 49O to 72’ F. This last pe- 
riod in the Temperate Zone is that of most active growth 
and of the ripening of fruits of all kinds. The third, or 

Durinf 
the air in altoge t i  er di -8 erent ways. Aside from the 

amounts of h a t  during t B e penod of rest and eriod of 

within the United States, is found on1 at  hig Y 1 elevations 
wit,hin the Alpine zone of the Rocky d ountains, Cascades, 

period, should be include a all mont !? s having a normal 

hot period, in temperate latitudes should embrace months 
with a normal average temperature of more than 72’ F. 
Where there is a lack of precipitation or irrigation, 
this means the period of summer rest; when there is a 
sufficient amount of precipitation, the period of ripening 
of southern fruits; and when there is an abundance of 
moisture, the period of subtropical growth. 

eriods of growth and rest in the 
Arctic and subtropica 7 regions must probably be made on 
a somewhat different basis than the division in the 
temperate region. The cold period in the Arctic region 
continues practically the entire year, and whatever 
growth takes place must occur at temperatures at which 
most of the vegetation in the temperate region is still ina 
dormant stage. The Arctic and true Al ine plants 
require for their development a very sma l? amount of 
heat, bu t  demand invariably a long period of rest, the 
lack of which is more harmful to them than anything 
else. In  the subtropical region the plants as a rule are 
entirely indifferent to surplus of summer heat, but 
require durin the vegetative eriod a certain amount of 

any great fall of temperature. 
The duration of the three different periods-cold, 

moderate, and hot-must be determined for each locality 
or region on the basis of normal mean monthly tempera- 
tures, not reduced to sea level. The climate of the 
United States in this respect is well enough known to make 
it entirely possible to prepare a map in which the localities 
that are of agricultural importance and having the same 
duration of these different periods could be grouped. 
The preparation of suc.1~ n map for our mountain regions 
is yet hardly possible, at  least with any degree of accu- 
racy, although some attempt may be made even on the 
bas-is of our stmill inadequate informatinn. The map 
(fig. 1) here presented has been prepared in accordance 
with the hregoing plan, and represents the first attem t 
of its End. The periods of growth and rest shown in t E e 
map are based on the mean monthly temperatures for 
685 stations given in Bulletin Q of the U. S. Weather 
Bureau, “Climatology of the United States,” by A. J. 
Henry. 

Thus the monthly mean temperatures,. if grouped by 
periods of actual plant activities, are of importance not 
only to meteorologists, but also to botanists. Their 
reduction, however, to sea level, which is practiced by 
meteorologists in their maps for certain studies, is ex- 
tremely inadvisable for pur oses of studying plant life. 
In addition to the niont 17 mean tem eratures, the 

aver e temperatures by periods of ten cays (decades) 

useful to botanists only during certain months; m 
temperate regions chiefly at the end and at  the begin- 
ning of the growth penod; and in the more southern 
latitudes during the entire cold period. Since, however, 
in different localities the 10-day periods are important 
for different months of the year, an attempt should be 
made to give the means for all 36 decades of the year. 
The pentads of Dove are appropriate for more intensive 
studies. 

Aside from the monthly mean temperatures and mean 
temperatures for periods of 10 days, it is ah0 of im- 
portance to have information about the mean temper- 
atures for the period the ound is covered with snow 
and for the penod when t f e ground is bare. The pro- 
tective value of snow against injury from low temper- 
atures to herbaceous and low arborescent vegetation, 
especially winter crops, is well hown. The depth of 
the snow cover is often the determining factor m the 

The division into 

moisture, a n f  during the col B period do not withstand 

f g 
are P aso  desirable. In any locality such averages q e  
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distribution of some of our trees. B species when were, practically a new climate. Biologically it is very 
planted north of its natural range, niay grow a t  first important to know the characteristic features of the 
very thriftdy and withstand winters without injury as cliniates that are brought to a given locality by winds 
long as it  is covered with snow. As soon, however, as from outside. For this purpose it is not enough to 
its terminal shoots begin to rise above the snow line they know only the directmion and the velocity of the prevail- 
me invariably killed. Those which sprout prolifically ing winds, but also their teniperature and humidit-y. 
from the stump renew themselves every year by means Thus it is essential, aside from general monthly mean 

REGIONS BASED ON PERIODS 
OF GROWTH AND REST 

Ma -October November-April 
Months 6 Months. 

November -March A pri I- Oc to b er 
7 Months 5 M o n t h s  

Apri I-Novem b er D e c e m  ber-hnarch 
8 Months 4 Months 

March-Novernber December -February 
9 Months 3 Months 

Februar - November &g December January 
IO MonJhs 2 Months 

February - December January 
I I Months I Month 

January - December No Period of 
12 Months Rest 

4 

..,=A=.-- 

FIQ. 1. Vegetal reglons of the Unlted States, based on periods of growth and rest dedueed Irom the‘mean niont.hly temperatures for 685 stations as given in "Climatology of the 
Unlted States,” by ProI. A. J. Henry, Washington, 1906. Weather Bureau billletin “Q.” 

of root suckers, and often produce flowers, thus beconling 
low shrubs. 

Closely associated with the effect of teniperature upon 
plant growth is the effect of the wind. If there were no 
winds and air currents, every locality would have its 

direction from which they come, give the locality, as it 

temperatures, to compute also the mean temperature 
for each period during which certain winds prevail. 
It is not necessary to compute t.his mean temperature 
for each wind but only for the main prevailing winds, 
since, in re ard to their effect upon vegetation, winds 

as southerly winds, easterly, etc. 
own climate. Winds, however, depending upon the from severa 7 directions may be grouped together, such 
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For For 
A g -  1 $: For days days 

Month. temper-withno da& with wlth east- west- 
ature. IFtgz snow. erly erl 

winds., w i n L  

Range cftemperdure.-For plant life the range of the 
temperature of the air during.24 hours and dmng more 
prolonged periods is of great importance. The effect of 
temperature fluctuation upon lantv is well known. Thus 

upon h i t s  adapted to a given climate only when the 
precechng summer \.vas short or not sficiently warm or 
t,oo humid, and the shoots have not had time to ripen. 
The most injurious winters are not the severest winters, 
but winters which are characterized by the least stability 
of tempernture, t y  rapid changes from thaws to low 
t,eniperntures. The e8ec.t of fluctuations of temperature 
hiis been proven by Heppert's laboratory esperinients. 
Thus Pon min.iia,  Senecio vdpr i s ,  Ca sella bursa pastoris, 
and others wit,listood with iiiipunity P ong snowless freezes 
with temperature as low as 14' F. and some even as low 
as 5" F. After sc!vernl brief thaws, however, they all 
perished nt :t temperature of 24.S' F. The espression 
" absolube monthly ritnge " may serve only for general 
oiieiit,at,ioii, and htw no direct bearing upon plant life, 
since :;ufficieiit time may intervene betweon the occurrence 
of the niasimuni and niiiiiiiium to erniit of a gradual 
clir~iigo in teiiipt'rt-~ture. For plant Fife the niean daily 
range, :uiC the maximum and niininiuiii of the individual 
daily ranpes, t,lierefore, arc of greater moment than the 
nholute monthly range. The mean iiionthly ranges are 
dso of i~ii]~ort.:ince. The mean rtnnunl range is more 
important than the nieaii periodic ritnge. Particularly 
iiistructivc is n companriaon of t h o  general mean annual 
rmge \vi th thc iiieitii annual range of temperatures com- 
puted sepitrately for winds of cliff erent directions. 

TABLE 3 . - T ~ p r r o t i i r t .  of the air by pfriods of rest and growth. 

n uniformly severe winter wi  E have an injurious effect 

For For For 
the the the 
Arst second third 

10 days. 10 days. 10 631s. 

TABLE 1.-Tmpemture of the air by pm.ods of rcst and grou1th.l 

Absolute 
Month. monthly 

range. 

Mean 
daily 
range. 

Pcriod ufmt. .  1 OF. 
November .......... 50.2 
Decemtm .......... 41.4 
Jnnuarv ............ I 36.9 
Febrmiry ____.______' 32.2 
mreh  .............. 41.5 
April ............... 1 3S.3 .-- 

OF. 
9.4 
8.1 
6.9 
9.0 

10.1 
17.1 

1.8 ' 
2.3 
4.0 
2.0 

........................ ........................ ........................ ........................ 

nray ................ 
June ............... 
July ................ 
August ............. 
September ......... 
October ............ 

16.9 !::: 1 16.0 
3?.S l4.S 
36.n 14.6 
41.6 12.6 
36.9 I 14.4 

27.9 I 3.2 
24.8 3.2 
26.1 3.6 
25.2 2.7 
35.4 2.5 
23.2 5.2 

........................ ........................ ........................ ........................ ........................ ........................ ----- 
27.9 2.5 j 15.8 

29.7 j o.9 I ----- ----- 19.8 12.7 

Nith 
no 

now. 

a F. 
3i.4 
34.0 
..... 
..... 
..... 
39.0 - 

34.0 

45.9 
53.1 

__ 

With 
snow. 
~- 

' F. 
21.4 
IS. 1 
18.5 
15.5 
"3.9 
33.1 -- 

1S.1 __ -- 
...... 
I.. .... 

Pcrlod of rcat. 
November ..... 
December ..... 
January 
February 
March ................. 
April .......... 

mow. snow. 

e F. F. F. 
64.2 4?.3 39.G 
55.4 55.4 35.S ............... 48.2 31.5 

.............. 41.8 31.3 
55.5 35.6 

69.4 I GS.5 56.5 

Range lor l.he 
growthgeriod. 

Range lor the 
y w  .......... 

50.8 I 14.8 

77.5 12.4 

___- __- 

July ........... 8'2.8 
August ........ 80.0 
September ..... 80.8 
October ....... 68.9 

Average for 

Average for 

the growth- 
period ..... 82.S 

year ....... 82.8 

........ 55.5 

........ 72.0 

........ G1.9 

........ 56.3 --- 

........ 05.7 
--- 

68.5 52.0 

--- 

_. _. _ .  _ .  
November ......... 34.5 40.6 30.0 34.7 

January ........... S . 0  ........ 25.0 2S.2 
December ......... 1 31.81 34.01 31.61 32.4 

February .......... 20.4 ........ hj.4 ?5.9 

April .............. 1 47.31 48.41 49.G 
MaTh ............. 30.4 ........ as. 1 

---I-- Average for ---'- 

~ ~ I o c ? . ~ ~ . ~  33.11 39.01 31.51 34 .5130 .91  _ . _ _ _ _ _ I  ........ 1 ........ 
1-I-I-i- i-i--- Period of groulh. =------------- 

May ............... 54.3 54.3 ........ 57.4 
June ............... 61.2 61.3 ........ 02.6 
Julv ............... 1 Gl.4 1 G4.4 I ........ I 8 . 3  

54.0 55.5 

i%.? 61;. i 
G4.4 64.9 
61.9 4R.7 
50.2 44.1; 

c0.s r4.o 
w . 3  Go.l w. 4 
51.1 
47.7 I August ............ 64.0 €4.0 ' ........ 07.6 

September.. ....... 55.9 ........ 1 . 8  
October ........... i g:El 49.01 ........I 49.5 

..... ........ 
,---- Average for 

year ....... 45.51 W.31 31.51 . . . . . . . . ' . . . . . . . . I  ........ 
1 These records while they were actmilly macle, are given hcre lint a$ a chiuwterist ic 

of thc region in ;vhic.h they were c.ollectet1, hut merely for the sake of illustmtiog t18r 
method of arranging weather data. This holds true for nll the other taldes indrtdcd i n  
thestatement. - - 

Absohte daily ninx:i:rnu.n& crnd iniwiniwn. tcm,pwdii.rcs.- 
The absolute masiniuiii n.nd niininiuni t,emper:i t.ures of 
the air should be computed se Inrately for t1:i.p with no 

since the effect of minimum aiid niasiiiiuni teniperat,ures 
u on plants is very different when the ground is bare and 
w R en the ground is covered with snow. Masiniuni tem- 
peratures while the snow is still on the grouiicl are too 
early and undesirable, because they may force the plant 
to vegetative activity before the real wttrm \venther has 
come. 

Mean. daily nm&na and ni'~,~:i:m,n.--Since for the plants 
the occurrence and duration of the niasimuni a.nd mini- 
mum temperatures are of more importance than the brief 
absolute ma.sinium and minimum tempera tures, it is 
desirable to compute also the nienn of the daily mnsinia 
and minima for the month n.nd also t,he masinia and 
minima of the daily means. The minimum of the daily 
means should be shown separately for days with snow 
on the ground and for days without snow. 

TABLE 2.-Tmpcraticre of the air by p&ds of rfst andgrozrth. 

snow on the ground rtiid agiiiii h or days with a siiow covcr, 

I I Yean monthlv ranw. - I  

Naxi- Mini- 
mumof mumof 
theniean them- 

I--I-I- 
OF. 
27.4 
20.2 
19.8 
22.1 
23.5 
29.7 

- 

Maxi- 
ntim o 
daily 

means 

- 
F. 

53.4 
4G. 5 
41.4 
44. 2 
47.7 
57.9 - 

57.9 

03.9 
68. 4 
71.8 
71.4 
67.8 
5G. 5 

- - 

1 Absolute maxi- I 
mum. Mean 

bbsolute mini- 
mum. M e m  

)f doily 
min- 
ima. 

of ddl j  I For 1 For I 2;: 
days daps 

with no wit.h 

- 
For 
days 
with 
mow. 

For 
days 
vithno 
snow. 

O3F8 
30.9 ....... ....... 

...... 
32.0 

' F. 
14.0 
14.0 
11.3 
l?. 6 
16.5 
31.1 - 
11.3 - - 

...... 

...... 

F. 
311.2 
27.7 
'2.4. I; 
??. 3 
35.5 
39. I The method suggested here of grouping the tempera- 

ture of the air will not show the actual amount of heat 

to furnish material for a 

which different 
plants actually ut,ilize the heat, it is necessary to resort 
to another method. A number of attempts have been 
made to secure this information by computing tempere 
ture aiid other meteorological records for the period of 
growth of a few of the more important agricultural crops. 

of the vegetation in a given 

from a biological 

Average for --- 
-period the rest- .... ] 88.41 65.51 38.3 30.9 

39.? 
4s. 7 
50.0 
44.6 
39.2 
3?.0 

- - 28.2 

45.5 
53.1 
57.7 
57.4 
49.3 
41.8 

- - 

...... 

...... 

...... 

71. a 

71. a 
- - 32.0 

30.9 
- - 50.9 

39. G 
- - ....... - - 

11.3 
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At first glance such a procedure seems very e s  edient, 

matter whether an attempt is macle to compute t,he aver- 
age tem erature for a given phase of plant development, 

a period in the sanie way in which Bussengo anid De 
Clandolle have clone it, t,he under1 ing idea IS the sanie, 

roportionato t.o the aniount received during the period. 
fii reality there is no such direct relat.ion. On t.lie wn- 
trnry, for each phase of plant dcvelopment thcrc esiats 
a defiiiit,e optimum of teniperat,urc. moist,ure, and !iglit, 
a t  which the development goes on with th:. greatest v!gor. 
When the temperature (or moistmure, or light) clevintcs 
in one direction or the other from this op thum,  the de- 
velopnient slows down, and when temperature fnlla be- 
low a certain minimum or rises above n certain masi- 
mum it stops entirely. The warmer the cliniatc, the 
more frequent,ly the tenipera ture csceeds the o t,iiiiuni 

plant will receive a useless nnd somet>iiiies 1i.zrinful surplus 
of heat. Yet by suiiimiiig up temperatures or by   om- 

uting the nvern.ge temperature for thn period, .this use- 
E a s  or often harmful oscess of heat invarinbly i~icr~~:i.ses 
t41ie sunimat.ion or the average tempernture. For t,liis 
reason, the farther south the greater niust bc? t,he sum of 
useful temperature required by t.he saim specics to go 
t,hrough n given phaqe in its Jevelopment.. This <!l(~i1.1~1>- 
shows, it. seems to nio, t,lin.t, neit,her the suinnint.ii)n of 
pogit,ive teniperat.ures nor the ~ircrnge tenipcrntures for 
any period can inclicnte t.he nct.unl requirement... of plants 
for heat: and niost, lmt,anists since-! t,lw t.inic3 of G;kmbnc:h 
1iax-c. given up suminntion c)f t.ei~ip"~.:it,ui.t. ..;. 

Bussengo and De Cniidollc probal~ly would not liavr 

about tshe esistencc of opt.hii~ni t,mipcrnt,ures for t lw  
development of rnch plant, as ileteriniuerl lator by Siichs. 
There are: also snnie other inc-licnt.ions which confirni t.ho 
fact trlint plniits do not react to h a t  as siniplr rngiiies. 
This, for instaixr, blip dormant roots of t,lw lily of bhe 
valley, or the dorniaiit, braiiches of cherry w c r ~  fouiii:l, 
when stmting gromt,li nest spri~ig a t  tlie sanie tcliipiAra- 
ture, to require less time for t,Jieir tlevelopniriit the Inter 
their growth hac1 been interrupted in t,lie mtuni, tiotwith- 
stancling the fact taliat in these dormant organs before the 
interruption of their growth 110 chai!ges liad taken place 
which could be detected mxcrosc.opically or niicriiscop- 
ically. Furthermore, not only cliff eren t species a11 d vwie- 
ties, but even different biological raccs of t.he same 
variety which morphologically do not, differ one from 
aiiotlier, require for their clevelopnieiit very diff eron t 
amounts of heat. I n  such cascs it would bc neccssnry 
to compute separately tlie avernge temperatures for 
various periods of development, to sum up t,he tempera- 
tures not only for each species, but even for encli of its 
races, which IS a ractical ini ossibilitg. All t,liis tscncls 

to the biologist is the method of computing awrage tcm- 
peratures, or the summing up of temperatures, for diff errnt, 
species of plants separately. 

Groups of days with Q dejnite tempimtwa. 
The relation of plants to heat is rsprt.sse.cl not in the 

absolute amount of heat required by t,liem, but in a 
certain conibination of time nut1 heat. At its optiniuni 
of temperature each plant requires a clefinite nunibcr of 
days in  order to  complete a given phase of its tlevclop- 
ment. Any deviation from t l ~ e  optimum in  one or 
another direction will lengthen this period. 

but it is doubtful if i t  can yield practical resu f ts. No 

or whet % er the positive t.eniperat,ures are summed up for 

namely, t.hnt the effect produced g y lieat, upon plant,s is 

at which the plant develops I>& and the niorc o F t,en t.he 

suggested this niethocl of siunimation if t,Iiey hncl 1- \I!oWll 

to show bow wire F iable aiicl o F liow little pmct.icn1 valuc 

Gardeners have learned, in an empirical way, how to 
manipulate teniperatures in hot~liouses for fomng plants 
to complete a certain pliase of developiiient within a 
given t.imc. They clo not resort to  summnt.iou of tem- 
perat,urrs, but rliat,inguish groups of days wit,h n given 
range of tcmpornturc. Etwh group of days niay cnibrace 
teiiiperoturcs of five consecut,ive degrees. FluctmAon of 
tcmpwature mit,hin t,liese fivc ilcgrws is of little conse- 
qumct.'. They wat,ch carefully, howwer, t,o see that the 
tcniprsturrs during a ilvfiilitc. number of clays do not 

prmctling it, or rise t.o thr t,cnip(~mturc of t.he group of 
c1a-y~ t r h t  is to follow it. Iiistenc-l of suniiiint,ion of tem- 
per:lt.uri:s, t:lis nietaliocl sI'rnis t,o nic prefcwtble. Groups 
of days with dcfinite ti-,ml)erat,urc's can be rcwdily com- 
puted sc.pilrntely for iixlividual spccirs: also, t*lie entire 
yrar may be divitlcrl into sucli groups, as sltow~i in 

The division of t.lie entire year int.o.groups of days with 
diflerent temperatures is not a new idea. Many botan- 
ists have adopted suc.h n division. Thus, followin the 

Kijppen, some botmiists clistiiigmali : jkesin.9 ( 7 q s  with 
average t.eniperatures of 32' I?. or less, co7d dcrys with 
nvcmge temperatures np to 50°, snod(.ratc c7a.y~ with nver- 
age t,emperatures up to OS', hot duys w-it.li average teni- 
perntures above .GSo, and hot c7ay.g with,  modcrate nights 
when the miiiiniuiii temperature is nbclu t 50'. Such 
grouping, however, is t,oo lnrge and schematic. The 
nicthocl used by the gardeners semis to nie more pmct;i- 
cal, and wit,li modificnticiiis can be :ulapt.ecl to meet such 
contlihns ns exist outside of n greenhouse. 

Thc follt~wing simpler chssification is here suggested : 
1. Fr~tm)ig  dicys, with II, cldp :tvera.ge of 33' I?. or less. 

These :ire furt.lier subclivitled int.0 : 
(n j  Freezing days wi t,hnu t thawing. 
( 6 )  Freezing days with thawing. 
3. c.bk% days, with n n  average dnily tempernture rang- 

ing froin :Eo to 40" F. This group should be further 
divitleil into : 

(a) Days with frost,. 
( b )  nays without frost.. 
5. Cool da?l,p, with an average cleily temperature from 

(a, Ihys wit.11 frost. 
( b )  Days wit.liou t frost. 
Cool days wit>h frost tire inore dangerous than cold days 

with frost and occur in localities where khe niean daily 
range of tempernture is great. 

Ihys with frost nre thus divided into three grou )s: (1) 
Freezing days wit>h niid wi t,houta thnwing, (.a) c'ol h days 

the cod days of the s ring plants prepare for the Duri115 perioc 
with and without frost, (3) Cool days with frost. 

niid the buds of the 1i:i.rrlie.r species open. 
4. 1JIodemte c7nys with an avernge daily temperature 

from 50' to 59" F. These are days of moderate -romtli. 
For the four groups of (lays so fnr  e&-hlished (Freezing 
days, cdcl days, cool dags, nnd moderate days) it is cle- 
sirnble to note the t,enipernture sepnrately for the clays 
the grouiitl is covered with snow niid for days without 
any snow cover. 

5. Warin dmys wit,li an average daily t.emperature from 
59' to 72'. These are the days of most vigorous growth 
and the ripening of fruits in the teniperate altitudes and 
latitudes. For most of the plants of the Temperate Zone 
this is the most important group of days. 

6. Hot &ys with an average claily temperature above 
72". I n  localities where hot days occur comparatively 

fall t.0 t.hP IPVCl of thr? t!~lnpcrat~ur~; of t,he group of clays 

Tiible 4. 

scheme suggested for cliiiinti$ogy by the met.eoro f ogjst 

40.1" to 50' k'. This group shoulcl be chided into: 

of t.egetation, when t. f ie gerininntion of seed t-nkes place 
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often, especially when there is a distinct hot period, the take the physical qualities into account. Therefore, in 
hot days must be further subdivided into three groups, localities where the physical quality vanes within short 
not so much, however, on the basis of temperature as on distances, it is essenhal to have an additional set of ther- 
the basis of their humidit : moniet,ers to bring out, the effect of this difference. It 

inaximuni thermometers located horizontally on the sur- 
may be also advisable to have a set of minimum and 

tion. 
(a) Dry hot days, whic iK act depressingly upon vegeta- 

Warm 
daya. 

TABLE 4.-Days having sptc@ air tmipmaturcs, by periods of rest and growth. 

Hot 
d a g  

Hot wib 
days. mod- 

erate 
nlghtr. 

Number of cool dnya. I Number of cold days. I Number of lr8aza dsys. 

--- I 

Month. 
With 
snow 
on the 
:round. 

-- 

............. ............. ............. ............. ............. ....... -- 

....... -- --.- 

....... ....... ....... ....... ....... ....... - 

Period of reat. 
November. ............................ 
Decambcr.. ............................ 
Jsnuary ................................ 
Febnurry .............................. 
bhrch.. ................................ 
April.. ................................. 

For rest-perind ................... 
Pcrlod aJgmIh. 

May .................................... 
JUM ................................... 
July.. ................................. 
August ................................. 
September.. ........................... 
October.. .............................. 

For g r ~ w t h - p b d  ............... 
For pear ......................... 

"2; 
snow' 

- 

2 

2 - 
1; 
w 
2 
7 

11 
7 

Without thaw. 1 With thaw. I With frost. Without frost. With frost. I I 
With 

ground. :;;re 
With- With- 2: With- 'IVith With- 2;: With. 

on the 1 Out 1 on t h e 1  Out Ion the1 Out I 
grounc. Eround. grouna. snow' ground. mow* ground. snow. 

1 Out (outhc  1 Out 

With, 
out 

4 ....... 11 ...... 
2s ........ ...... 

........ 

........ ........ .............. 

........ 

.................... .................... .................... .................... .................... .................... --- ....... ....... 

~~ 

................I ........................ I ................ ' 2 ........I ...... ----. ---- 41 1 3 )  i ~ ~ + ; = + ~ i + \ ~  

(a) Moderately humid hot days, which apedit.e thc 

(e) &mid hot days, which produce a tropical growth 
ripenin of southern fruits. 

of lants of the humid subtro ical region. 

cool, moderate, warm, and hot) must make 365 or 366. 
%e total sum of days of a fl sis groups (freezing, cold, 

istic of the environment t % a t  surrounds the superterranean 

roots) develop in the ground un a er different temperature 

standing of plant life. This hase of o \ servation is 
specially appropriate to agricu r tural and forest experi- 

The tempemtwe of t7t.e. soil. 

The records of the ten1 erature of the air are character- 

part of the plant. arts of the plant (the 

conditions. Observations, therefore, on the temperature 
of the soil are absolutely essential for the raper under- 

ment stations. 
Topographic conditions affect the temperature of the 

soil to a more marked degree than they do the tem- 
erature of the air. Moreover, the temperature of the 

rower layers of the air is regulated by the temperature of 
the soil more than by the direct rays of the sun. The 
to ography of the locality, therefore, must always be 
ta K en into consideration in installing soil thermometers. 
It would be advisable to install a complete set (at ade tli 

addition, for comparison, two or three incomplete sets 
(at a de th of 13 inchcs and 24 inches) under different 

soil depends to a large extent upon its physical structure, 
it is essential, in order to obtain comparable results, to 

The other 

of 13, 12, and 24 inches) near the station itself an< f in 

topograp j: ical conditions.' Since the temperature of the 

I Probbl in some instmm meaSUrementS of soil tem erature at a larger number of 
depthsmay%edesirnble. Itis believed, however, that for a?Ipurpoaes threedepthsshould 
be sufficient. Intermediate depths can be mm uted very accurately by interpolation 
with N N ~ S  on which the three point8 are e s t a b h .  

Without frost 

Number 
of moderate 

days. 

la a1 
ai 

face of the soil, although it is hard to determine just what 
such thermometers do indicate-the temperature of the 
up ier laver of the soil or of the lower layer of the air. 

h i e  effect of the temperature of the soil upon the devel- 
opment of plant9 is unquestionable. The period of rest 
of the roots is, however, less marked than that of the 
superterraneaii parts and in many of the more southerly 
altit,iules is ent,irely absent. The period of rest for the 
roots is less stnlile than the period of rest for the su er- 
terranem parts and therefore is more easily affecte c f  by 
artificial means. For this reason, the grouping of tem 
perature records of the soil on the basis of cold, moderate, 
and hot periods deterniined on tshe basis of the avera e 
monthly teinperature of the air, is not entsirely suitab B e. 
The lack of observations and investigations along this 
line, however, does not yet permit of suggesting any other 
grou . ing at  present: and i t  may be just as well, a t  least 

the soil by the periods adopted for plants in general. It 
may be mentioned here that roots stand sudden fluctua- 
tions of temperature even to a less degree than the super- 
terranean parts of plants. 

for t I: e present, to classify the records of temperature of 

OTHER METEOROLOGICAL DATA. 

I have dwelt at length u on temperature because I 

in its case should be followed in computing all other 
meteorological data. The discussion of these latter, 
therefore, will be brief. 

Humidity of the air. 

I n  localities with a dry climate, especially where there 
is a distinct hot period, observations upon the humidity 
of the air are essential. While the absolute humidity 1s 

believe that the systeni of o E servations I have outlined 
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of no direct consequence to lants, its importance being 

Zirectly, since it so largely determines t e amount of 
transpiration. The monthly , mean relative humidity 
and its minimum, and particularly the average relative 
humidity with its minimum during periods of different 
wind direction, are things important to know. I n  local- 
ities with a humid climate and wit,hout n, distinct hot 

eriod, where fogs are frequent, observations upon the 
fatter should, of course, Gve all the information as to 
humidit of the air necessary for the purposes of botanical 

i! urely meteorological, the re P ative huniiclit affects them 

Precipitation. 

The important part which precipitation, especially 
total precipitation, plays in plant life, needs no discussion. 
The maximum precipitation for any day during the month 
and the number of da s of precipitation are also inipor- 
tant. Since among $e latter, however, are included 
days mth only traces of recipitation, the result,ing data 
does not give an idea of t i e  r intensity of the precipitation 
or its frequency. For this reason it will be wcll to coni- 
pute the number of days with considerable precipitat,ion 
in per cent of the total number of days of observat,ion in 
eneral, as well as specifically, for winds of different 

iirection. 
Snow CO'L'ET. 

geograp E y.a 

Snow cover, of course, also has an import,ant effect 
upon plant activity. Both the number of days with 
snow on the ground and the depth of the cover should be 
recorded. Since the de th of the snow varies with the 
topography, its de th s K ould be measured at cliffwent 
places. In the va Ip ey the snow stakes should be plnccd, 
If practical in an open field and in awood lot; in the nioun- 
tams on a ievel place and on two moderate slopes of the 
revailing directions. For each iiion bh tohe average 

gepth of the snow cover should represent only t.hose 
days when snow was actually on t,he ground. In order 
to determine the effect of local topographic conditions, 
it would bo well to note the averages separntcly for each 
snow stake. Data on the maximum and minimum of 
snow cover for each month are also essential, and i t  is 
very useful to have the de th of the snow separately for 

cermng the snow cover is especially instructive a t  the 
time of its appearance and disappearance. Since it 
comes and oes in different years and in different local- 

should be given for all 36 decades. 

Soil moisture. 

every 10 days (decade). l uch detailed iilfornitrtion con- 

ities at di f erent times, however? this average depth 

eograp y to have a more ietailed R -nowledge of the 
In ?regions it is necessar for pur oses of botanical 

%umidity of the soil than would ordinarily be indicnt.ed 
by the amount of rainfall and snowfall. In  such places 
periodic and systematic determinations of soil humidity 
giving due consideration to local topographic and soil 
conditions are important. Unfortunately, such cleter- 
minations are not only .time consuming, but. require a 

eat deal of 'udgnient in the selectmion of soil samples. 

ter's physical properties, ita method of cultivation, and 
so on, and can not be determined accurately a t  tho 

The CrdOpUon by all weather stations andpbsewers oIa standard evaporometer would 
in large m e a .  solve the uestlon 01 humidity and wmd-movement records and would 
lurnlph dab directly usable%y the plant bl olog1~t.9. 

Fhe amount o 1 moisture in the soil depends upon t,he lat- 

ordinary weather stations. Therefore it would be of 
great advantage to students of plant life if such deter- 
minations could be made at agricultural and forest exper- 
iment s tations.' 

Sunshine. 

Light is another important factor in t-he development 
of plants. The amount avdable for plants in a given 
1oc.alit-y depends upon cloudiness and geographic lati- 
tude. For this reason, the avera. e monthly cloudi- 

tions, and the number of clear, semicloudy, and cloudy 
days should be computed. Some simple sunshine 
record, especially for winds of different directions, is 
also necessary. The occurrence of days with sunshine 
should be given in per cent of the total number of obser- 
va tions. 

Bammetric pressure. 

Air pressure has no direct bearing upon plant life, 
escept that its observation often makes it possible to 
forecast changes of importance to agriculture. 

ness, tjhe average cloudiness for win a s of different direc- 

CONCLUSION. 

I n  conclusion, I wish to reiterate what I said at the 
beginning, nnmely, that, with the exception of the 
records of soil humidity and soil tem erature, tho sys- 

be carried out with the data which are regularly ob- 
tained by ovr weather stations. The chan e from 
present practice to the system I have descri % ed will 
entail, therefore, merely a different use of present data 
rather than a radical change in the plan of collection. 
The aid to botanical geography which such a chan e 

for any inconvenience or added effort that it might 
bring about. 

tem of nieteorological observations I K ave outlined can 

would give would far more than compensate, I thin a , 
. .  

TASKS AND PROBLEXS h R  XETEOROLOGCICAL EX- 
PLORATIONS IN THE ANTARCTIC. 

By Prof. Dr. WILEELM MEINARDUB, bffiinster, WeEtphalis. 
[Trsnslated by Cleveland Abbe, r from Geogra hische Zeitachrift, Leipzig, 1914. SO. Jki., 1. HIt, p. h-34.) 

No other region on the earth has witnessed durin 
the past decade, such advances in our knowledge 
its meteorological conditions as  has that within the 
higher southern latitudes. As Hanii was closing the 
second edition of his Handbook of Climatolo 
he was practic.ally limited in material for 
of the Antarctic %one, to that collected in its seas 50 to 
GO years previously by Sir James Ross. There was no 

-- 
I Here a in the adoption of a standard apparatus seems the only means oIobtaini?g 

desirable t a  for large areas and for different regions. The great diffmnw In soils in 
different localities and the great dlfflculty in any one locality of obtaining consecutive 
samples oIsoil whlch are physically alike, malies It necessarv that any ap aratus designed 
for consistent soil-moisture determinations shall involve the plan of a k v s  measuring 
the same body of soil. The electrical resistance apparatus is good in this'respect but, 
unfortunately, Is no! always rellable from a mechanical standpoint. A comparatlively 
simple piece 01 equipment h,as been suggested b C. G .  Bates of the Fremont Fore+ 
experiment station. This is a porous cup wh&h would contain the sample of soil 
whose moisture wfq to be determined periodically. This porous cup would flt cl&y 
Inside 3 second similar cup which would, in turn, be located at the bqttom of a brass 
tube at any desired depth,helow the surhce 01 the ground. To the soil cup would be 
attached a cord or rod which would extend u through the brass tube. -4t the top of 
the tube would be a firmly built platform on wgich could be placed asufaclently delicate 
balance for weighing the soil cup. Wheh weighing was desired the cu would be raised 
sufficiently to clear the exterior cup. attached to the beam of the Balance and then 
replaced. The contenk 01 the cup might be a sample 01 the local soil, a standard sand 
or soil of certain ph sic51 and mechanical properties, or a standard salt wlth 8plJght 
avidity lor water. 6nder eitber lon the moisture of the entents (by absorption Or 
expulsion throqh the porous waky would alwap bear a cartam relation to the m0lStUre 
01 the surroundmg soil. 

! 


